The aim of the present study was to investigate the prevalence of comorbidities and related factors in patients with ankylosing spondylitis (AS).
Comorbidity often arise when a particular disease leads to other complications in patients. [1] Comorbidity is common in elderly, particularly in individuals older than 65 years with hypertension, coronary artery disease, cerebrovascular accidents, and diabetes. [2] The prevalence of comorbidities is also higher in patients with inflammatory arthritis. [3] In a chronic inflammatory disease, such as ankylosing spondylitis (AS), certain comorbidities including osteoporosis and cardiovascular diseases are common than the normal population in the same age group due to the underlying pathophysiological mechanisms. [4, 5] In a previous study, the rates of hypertension, peptic ulcer, and headache in AS were reported as 16.4%, 13.9%, and 10.2%, respectively, and these rates were higher than the patients in the same age group. [6] Comorbidities have an adverse effect on the functional status and the quality of life. The level of physical function is lower in patients with arthritis in the presence of comorbidities. [7] The recognition of factors associated with comorbidities is clinically useful. There are certain scales which are used to evaluate comorbidities. These scales help to define both the number and the severity of the comorbidities.
The Cumulative Illness Rating Scale (CIRS) is one of them which helps to determine the number of specific system problems and their severity. [8, 9] In the original CIRS, 13 system-related disorders can be evaluated. [10] In the modified CIRS, totally 14 system problems including cardiac, vascular, respiratory, otorhinolaryngology, upper gastrointestinal, lower gastrointestinal, hepatic and pancreatic, renal, genitourinary, musculoskeletal and dermatologic, neurology, endocrinology, metabolic, breast, and psychiatric can be evaluated. The CIRS is a userfriendly multi-morbidity and comorbidity scale which can fully evaluate organ systems providing accessibility advantages to the users. [11] In the present study, we aimed to investigate the prevalence and severity of the comorbidities using the CIRS and to identify possible predictors in AS patients.
PATIENTS AND METHODS
Between June 2013 and January 2014, a total of 100 patients with AS (64 males, 36 females; mean age 43.1±10.7 years; range, 25 to 73 years) who were under routine follow-up in the outpatient clinic were included in this cross-sectional study. The AS diagnosis was based on the modified New York criteria for AS or Assessment of SpondyloArthritis International Society (ASAS) classification criteria. A written informed consent was obtained from each patient. The study protocol was approved by the Bakırköy Sadi Konuk Training and Research Hospital Ethics Committee (No. 2018/08). The study was conducted in accordance with the principles of the Declaration of Helsinki.
The demographic characteristics, smoking habits (duration, quantity), weekly working hours, and drug treatments were questioned in all patients. The clinical features related to the disease were recorded. The routine physical and detailed musculoskeletal system examinations of the patients were performed. The Ankylosing Spondylitis Disease Activity Scale (ASDAS), Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), Bath Ankylosing Spondylitis Functional Index (BASFI), and Bath Ankylosing Spondylitis Metrology Index (BASMI) scores were calculated for all patients. Comorbidities were evaluated using the modified CIRS. The modified CIRS identifies 14 items corresponding to the different systems. Each system is scored between 0 and 4 according to the severity of involvement. The total score of systemic disorders varies in the range of 0 to 56. Higher scores indicate higher and more severe systemic problems.
The laboratory results of erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), complete blood count, routine biochemical laboratory tests, blood uric acid level, complete urine test, and human leukocyte antigen-B27 (HLA-B27) results were recorded.
Statistical analysis
The Kolmogorov-Smirnov test was used to test whether the data were normally distributed. Descriptive data were presented in arithmetic mean and standard deviation (SD) for normally distributed variables or median and min-max for non-normally distributed variables. For non-normally distributed data, logarithmic transformation was conducted for total CIRS scores. After the transformation, advanced analyses were performed. Correlation coefficients were calculated with the Pearson test for normally distributed variables, and with the Spearman test for non-normally distributed variables. A multiple linear regression (MLR) model was used to identify independent predictors of CIRS and to identify confounding effects between potentially independent predictors. The natural logarithmic transformation was applied to make the dependent variable (CIRS) data fit the normal distribution. The suitability of MLR assumptions were confirmed by following tests/plots. A scatterplot of standardized residuals (*ZRESID) versus standardized predicted values (*ZPRED) was used to test assumptions of heteroscedasticity, linearity. Multivariate normality was tested by probability-probability (P-P) plot of regression standardized residual. Auto-correlation was checked by Durbin-Watson test. Multicollinearity assumption was tested using the variance inflation factor (VIF) values.
A stepwise method was used to construct MLR models. Variables can be entered or removed from the model depending on the significance (probability) of the F value. A variable was entered into the model if the probability of its score statistic was less than the entry value (0.05), and it was removed if the probability was greater than the removal value (0.1). Model fit was assessed using appropriate and goodnessof-fit statistic. Power of the study was calculated with G*Power version 3.1.9.2 software (Heinrich Heine University, Dusseldorf, Germany). For the given effect size (0.82), sample size (100), and alpha (0.05, two-tailed), the power was calculated as 0.99. Data were analyzed using the IBM SPSS, version 22.0 (IBM Corp. Armonk, NY, USA). A p value of <0.05 was considered statistically significant.
RESULTS
The demographic and clinical characteristics of the patients are presented in Table 1 . Of the patients, 88 were married and 12 were single. A total of 38 patients were non-smokers, while 44 were smokers. Eighteen patients were also former smokers. A total of 78% (n=78) of the patients were HLA-B27 positive. Of the patients, 24 (24%) had peripheral arthritis, 20 (20%) had uveitis, two (2%) had ulcerative colitis, and two (2%) had Crohn's disease. Seventy-six percent of the patients had no joint involvement. Thirty-one patients had knee arthritis. Eleven patients had the involvement of the ankle. Arthritis was observed in the shoulder, elbow, and hand joints of each patient. Forty-seven percent of the patients were using biological agents. Eight percent were using biological agent and non-inflammatory drugs (NSAIDs), 23% were using sulfasalazine and NSAIDs, and 15% were using NSAIDs alone. Four patients were only using sulfasalazine. Three patients were not using any drug.
Comorbidities of the patients are summarized in Table 2 . Of the patients, 60% had a comorbid disease. Comorbidities were found in 51.6% and 75% of male and female patients, respectively (Yates corrected chi-square, p=0.037). The mean number of system-related (Table 3) .
A positive correlation was found between total score of Ln (CIRS) and age, weekly working hours, smoking (pack/year), disease and time from diagnosis, BASFI and BASMI scores and a negative correlation was found between total score of Ln (CIRS) and height. The MLR analysis indicated that age, disease duration, and BASFI scores were significant predictors of total score of Ln (CIRS) (adj R2=0.46, F=29.2, p=0.0001, Durbin-Watson: 1.512). Also, the positive regression coefficient (beta) showed a positive correlation between total score of Ln (CIRS) and age, BASFI scores, and disease duration ( Table 4 ). A scatterplot of MLR analysis was shown in Figure 1 . 
DISCUSSION
In the present study, we found that the mean number of system problems was higher than four in AS patients. However, the mean CIRS total score for the severity of system disorders was seven, which was not high. As most of the patients with AS had mild systemic problems in our study, the CIRS total score was below 10. The CIRS total score >10, usually shows four to five system-related disorders. In case of severe comorbidities in different organ systems, the CIRS total score can be found between 25 and 30. [12] In this study, the most common system problems were related with hematopoietic, upper gastrointestinal, lower gastrointestinal, renal and musculoskeletalskin. Moreover, most frequent comorbidities were gastritis (41%) and hypertension (17%). Hypertension (22.8%), thyroid disorders (12.8%), and type 2 diabetes mellitus (11.4%) are relatively common in patients with AS. [13] Garip et al. [14] reported that the most common comorbidities in AS were peptic ulcer (20.9%), hypertension (20%), lung disease (15.6%), diabetes mellitus (13.6%), osteoporosis (10.9%), ischemic heart disease (10%), renal disease, and cancers, according to their frequency.
In our study, hematopoietic system was affected frequently in AS. Therefore, anemia was diagnosed in almost half of the patients. Anemia may develop in autoimmune diseases accompanied by chronic inflammation. Although anemia is common in patients with AS, it may be frequently overlooked due to a mild decrease in hemoglobin levels. In the previous studies, the ratios of anemia were reported in the range of 20 to 27.9% in patients with AS. [15, 16] In our study, anemia was more frequent than reported findings.
In the present study, the upper gastrointestinal system disorder was found in 42.1% of the patients. In a previous population-based study including patients with AS, the ratio of peptic ulcer was reported as 13.9% among the patients, indicating a significantly higher ratio than that of the control group. [6] The high ratio of upper gastrointestinal system involvement might be related to the long-term use of high-dose NSAIDs in our study. Almost half of the patients were using NSAIDs. In the literature, there was no detailed information regarding upper gastrointestinal system disorders in AS.
Furthermore, almost 18% of the patients had lower gastrointestinal system disorder in this study. A total of 4% patients had inflammatory bowel disease. Consistent with our study results, it was previously reported that 3.7% of the patients with AS had inflammatory bowel disease. [17] In another study, the prevalence of inflammatory bowel disease in AS was found to be 6.8%. [18] An important result of this study was that 22% of the patients had renal system disorders. The reason for high incidence of renal disorders in patients with AS was the detailed examination of current condition of renal system and previous problems related with kidneys by the CIRS in this study. Several studies indicated that renal complications occurred 5 to 13% in AS. [19, 20] Vilar et al. [21] concluded that renal complications might be seen up to 35% when employing a broader definition of renal abnormalities. The result of the previous study is consistent with our study findings. The reason for this consistency may be related to detailed examination of all the renal pathologies which were related with AS or not in both studies. In a population-based, retrospective cohort study, renal complications in the male and female patients with AS were reported as 3.4% and 2.1%, respectively. [22] In the aforementioned study, the ratio of renal complications was suggested more than 72% in AS patients, compared to the normal population.
The predictors of the severity of comorbidities evaluated by the total CIRS scores were age, disease duration, and functional status as measured by BASFI in this study. There was also a positive correlation between the total score of Ln (CIRS) and age, weekly working hours, history of smoking (pack/year), disease duration, time from diagnosis, BASFI and BASMI scores. There was a negative correlation between total score of Ln (CIRS) and height.
Age and disease duration are significant risk factors in terms of both cardiovascular disorders and mortality in patients with AS. [23, 24] Ward et al. [25] suggested that comorbidities increased by the disease duration, and cardiovascular diseases, osteoporosis, diabetes mellitus and cancer frequency were found to be higher in patients with longer disease duration. In the aforementioned study, the most common comorbidities were reported as uveitis (34.7%), hypertension (23.3%), depression (15.2%), peptic ulcer (12.5%), and bronchial asthma (9.5%), respectively. [25] The incidence of comorbidities increases with age and disease duration in patients with AS. The presence of multiple comorbidities leads to increased healthcare cost and mortality, as well. In general, AS begins in younger ages compared to other inflammatory diseases and, thus, it means that patient is exposed to inflammation and the effects of disease throughout most of his/her lifetime. [23] In the present study, we found a significant correlation between total score of Ln (CIRS) and age and disease duration, consistent with the literature.
In our study, 63% of the patients had a history of smoking. In a previous study, the ratio of smoking was reported as 70%. [26] In our study, there was a significant positive correlation between the history of smoking (pack/year) and total score of Ln (CIRS) in patients with AS. Smoking may cause an increase in healthrelated problems in AS. It has been also reported that cigarette smoking is related with increased structural damage in the vertebral column. [27] In addition, smoking is considered to be related to the proximal airway obstruction in AS. [28] Moreover, smoking leads to higher BASDAI and BASFI scores and significantly lower forced vital capacity in AS. [29] Smokers have often worse functional and physical condition compared to non-smokers. [30] Our study has some strengths and limitations. The strength of our study is that, to the best of our knowledge, it is the first study to evaluate comorbidities with CIRS in AS. In our study, comorbidities have been assessed in detail as number and severity. The limitation of our study is, however, that the lack of cause and effect relationship due to the cross-sectional design of the study.
In conclusion, our study results showed that the number of system problems was more than four in AS; however, the severity of system problems were mild. Older age, longer disease duration, and lower functional status were found to be main predictors of comorbidities in our patients. Therefore, these system disorders should be kept in mind in clinical practice.
